Introduction
An abbreviated list of energetically possible nuclear transitions involving simultaneous emission of two electrons is given in Table 1 1 shows the binding energy curves for the atomic mass range 74 to 76. We observe that even/even to even/even transitions such as 76Ge --76Se involving the emission of two electrons can be energetically possible while single beta decay (76Ge-.e.76As) cannot occur. Table 1 shows the energy available for the a decay process as well as the natu'ral abundances of the parent isotopes. 76Ge is a favorable candidate because in addition to its reasonably high abundance, the relatively high-energy release (2.041 MeV) enhances the chance of observing it in the presence of background which is dominately in the low energy region. Nevertheless, other constraints on s decay make it very rare. In fact, although there is strong geochemical evidence for its existence, no direct observation of s decay has yet been made. Furthermore, the process may occur in two distinct ways: i) 76Ge-p76Se + 2e + 2;e (+2.041 MeV). Here two neutrinos are emitted together with the two electrons and the process is equivalent to two simultaneous normal beta decays.
ii) 76Ge -.76Se + 2e (+2.041 MeV). Here no neutrinos are emitted and consequently no energy is lost to neutrinos. Experimentally the spectrum resulting from these alternative paths should have the Form I (decay with two neutrinos) or II (decay with no neutrinos) shown schematically in Fig. 2 . The main theoretical interest is in the neutrinoless decay both because observation of this process would represent the first observation of lepton non-conservation in nuclear processes and because theory can relate the rate of decay to the mass of the neutrino--a subject of intense interest in particle physics and astronomy.
The basic physical process involved in neutrinoless a decay is illustrated by Fig. 3 . Here, (upper line) a neutron is shown decaying into a proton emitting an electron and a (virtual) neutrino while a similar process occurs (lower line) with another neutron. If the (virtual) neutrino from the upper process can be absorbed by the neutron in the lower process and simulate the emission of a neutrino, then no neutrinos are emitted externally. According to theory, this can only happen if the neutrino is a Majorana particle (i.e., the particle and its anti-particle are identical) and either the neutrino has some mass (mg) and/or a small admixture of right-handed current exists in the process. If, for the moment, we neglect the possibility of a right-handed admixture, the measured decay rate of 76Ge can be theoretically interpreted in terms of a value for m. Recent theoretical studies suggest that a 76Ge half life of 1023 years corresponds to mV = 10eV and it varies as m2 ( i.e., 105 years -leV). Today's theories predict a half life ten times larger for a given mv than was anticipated only a year ago--an indication of the theoretical uncertainties.
The possible presence of a right-handed component complicates the interpretation of any observed "`o decay" peak in a spectrum, but an important consideration in our experiment is that the 0+ to 2+ transition (i.e., 1 An illustration of the background problem is given in Fig. 4 taken from the pioneering work of the Fiorini group3. This shows the Ge detector background spectrum published in 1983 both above ground and under Mont Blanc. This example illustrates the effect of the two major background contributions--cosmic rays that are largely not present in the underground laboratory and natural radioactivity present in the detector system and its surroundings. Typical background spectra in a Ge detector system (Fiorini) . Spectrum (1) is taken in an above gound laboratory while (2) and (3) are underground with slight differences in shielding.
System Design and Construction
A number of basic concepts have been applied in our design and fabrication of the detector system. These include: a) Extremely careful testing was performed on every component in the system to detect the presence of natural radioactivities. This testing used the. LBL low-background counting facility for almost two years as quantities of each material and components were counted for several days. Many common fabrication materials used in detector systems such as aluminum and magnesium were found to be unacceptable for this application and virtually all steel contained substantial 60Co. Oxygen-free high conductivity (OFHC) copper was the only metal found that was almost always free of activity to our limits of measurements. Materials such as foam rubber, glass windows, etc., commonly used in mounting the NaI crystals to be used as a Compton shield were found to contain substantial levels of activity and these were replaced by substitutes or by selected materials (e.g., quartz windows). The crystals were canned in pretested OFHC copper. d) The design of the associated electronics is predicated on eventual automatic unattended operation in an underground facility chosen to reduce cosmic-ray background.
Figures 5 and 6 show the whole detector assembly. The assembly consists basically of a central volume six inches deep, six inches wide and 10 inches long containing the eight germanium detectors. This is surrounded by 10 large Nal(Tl) detectors with the only spaces through the shield being those for the flat vacuum boxes of the germanium cryostats. A 4-inch space surrounding the Nal has been filled with a boron-loaded plastic neutron absorber for our above ground tests: this will be partly filled with clean lead in underground work. Finally, a 6 inch thick clean lead shield surrounds the whole assembly. The total weight of the system is about eight tons. The liquid nitrogen dewars associated with the germanium detectors sit outside the lead shield.
A photograph of a dual germanium detector system is presented in Fig. 7 As shown in the cutaway diagram Fig. 9 , each coaxial detector is mounted onto the cold finger via a silicon cylinder and a small boron nitride insulator ring. The bevel on the germanium detector mates with a similar bevel on the silicon cylinder to center the detector. The germanium detector outer surface is metallized to reduce IR absorption from the warm walls of the cryostat and thereby minimize IR-generated detector leakage current. All other cold parts are also metallized to reduce their emissivity and consequently diminish liquid nitrogen usage. A small metallized lexan spring contacts the metallized p+ inner contact of the detector and connects through a quartz feedthrough in the vacuum wall to a miniature FET resistor/capacitor feedback front end preamplifier stage mounted on the quartz feedthrough. The detector bias (positive) is connected via the silicon cylinder to the outer detector surface. A grounded cylinder surrounds the signal lead to reduce microphony that would be caused by movement of this lead with reference to the silicon cylinder which is at high voltage. Figures 10, 11, and 12 show the background spectrum measured in a two-month period using one dual detector system. As expected, the background is predominantly at low energies (Fig. 10) continually decreasing to the highest energies (Fig. 12) . Lines observed in these spectra permit identification of a broad range of natural activities (see Table 2 ) as well as cosmic-ray neutron induced activities in germanium. The 40K peak is probably attributable to the glass in the phototubes; this peak has provided a convenient calibration line that is used to correct for gain shifts between various short runs 
Nucl ides in Background Spectrum
It is important to establish the origin of our background in order to judge the quality of the sys-E We are inclined to attribute the steady increase in background as the energy decreases in Fig. 14 to a whole range of (n,ny) interactions produced by neutrons caused by cosmic-rays. Many energy levels exist in the elements present in any detector system and, in general, the high energy excited states are very short lived, so Doppler broadening makes it difficult to distinguish individual lines. Assuming this speculation is correct, we expect a large background reduction when our system is operated in the Oroville underground site. As stated earlier, the muon background will be reduced by a factor of 500 and the high-energy neutron flux produced by these muons should be similarly reduced. Another way of representing these results is given in Fig. 15 . This figure recognizes the fact that the time track of any experiment obeys the (VT)1/2 relationship indicated by Eq 4. Figure 15 shows the "sensitivity" that has been achieved in the various experiments and which will be achieved in the future assuming no improvement in the basic quality (i.e., background) of each experiment. Again, our present experimental results in an above-ground location approach the best results achieved by other groups in underground facilities and our predicted results should significantly alter the limits that can be placed on the half life of 76Ge. 
